1. Two methods are described for the preparation of 'proalbumin' in good yields from rat liver. 2. One of the methods does not depend on the use of specific antisera. 3. The product from both methods is identical as judged by electrophoresis on polyacrylamide gel, isoelectric focusing on pH gradients, ion-exchange chromatography and quantitative immunoelectrophoresis. The protein also appears to be radiochemically pure by these criteria. 4. The protein is free from serum albumin as judged by isoelectric focusing and co-chromatography on ion-exchange columns. It is judged to be free from other proteins by these same criteria and by specific precipitation with antibody. 5. It is converted into serum albumin by limited tryptic hydrolysis. The albumin so produced has the same N-terminal (glutamic acid) and C-terminal (alanine) amino acids as reported for rat serum albumin. 6. A hexapeptide is liberated from the N-terminal end of 'proalbumin' simultaneously. It contains three arginine, one phenylalanine, one valine and one glycine residues.
In our previous work we suggested that rat serum albumin was synthesized by way of 'proalbumin', which was converted into serum albumin by the proteolytic removal of a small peptide just before secretion (Judah & Nicholls, 1971; Geller et al., 1972; Judah et al., 1973; Russell & Geller, 1973) . In the present paper we describe methods for the preparation of 'proalbumin' from rat liver.
Materials and Methods
These are all exactly as referred to already in previous papers (Geller et al., 1972; Judah et al., 1973) , except for the following. Quantitative immunoelectrophoresis was done as described by Laurell (1966) , and electrophoresis on polyacrylamide gel was by the method of Neville (1971) .
Labelling ofprotein with 14C
In all the methods described in this paper 'proalbumin' was identified by the addition of trace quantities of 14C-labelled 'proalbumin' prepared as described by Judah et al. (1973) . However, identical results were obtained if the experiments were done with livers which were labelled by injecting -[1-14C]leucine intravenously into a proportion of the rats used for the preparation, and killing them 10min after the injection. Vol. 146 Limited tryptic digestion of 'proalbumin' This was based on the method of Judah et al. (1973) . The system contained 'proalbumin' (labelled with ['4C]arginine; sp. radioactivity 10000d.p.m./ mg; 5mg) and trypsin (1 pg) in 1 ml of50mM-K2HPO4 -HCI buffer, pH7.5, 50pM with respect to CaCl2. The temperature was 22°C and the time of incubation 60min. Soya-bean trypsin inhibitor (2,ug) was added to the reaction mixture, which was then passed through a Sephadex G-25 column (1cm x 40cm) equilibrated with IOmM-K2HPO4-HCl buffer, pH7.5. Protein emerging at the front was concentrated to 0.5ml (by using a Minicon B15 filter, obtained from Amicon Co., High Wycombe, Bucks., U.K.), before determination of N-and C-terminal residues, and electrofocusing. The small peptide severed from 'proalbumin' was found in the fraction emerging after the passage of 17-22ml of eluent and contained about 10% of the radioactivity originally applied. It was dried on a rotary evaporator, taken up in 6M-HCI and used for amino acid analysis as described below.
Determination of N-and C-terminal amino acids N-Terminal residues were determined by the methods of Hartley (1970) . C-Terminal amino acids were established by the use of carboxypeptidase A (obtained from Sigma Chemical Co., London S.W.6, U.K.) as described by Harris &'Knight (1955 Marker 'proalbumin' (1004ug; sp. radioactivity 750000d.p.m./mg) was added after the extraction of the acetone-dried powder. All operations were done at about 2°C except for the chromatography, which was done at room temperature (22°C).
Step no. Chromatography on DEAE-cellulose. This was done exactly as described for method 1, except that rechromatography was not required. The yield of 'proalbumin' from 150g of liver was 6.8mg, and the recovery of 'IC-labelled marker was 60%.
Proofofpurity
'IC-labelled 'proalbumin' was used to test the purity of these products. Freedom from contamination by serum albumin was easily shown by addition of 3H-labelled albumin to the sample of 'proalbumin' before chromatography on DEAE-cellulose. No 3H appeared in the 'proalbumin' fraction.
Electrofocusing ofthe material prepared by method 1 showed the typical pattem of 'proalbumin', with the major peak atpI 6.1 (Geller et al., 1972; Russell & Geller, 1973; Judah et al., 1973) . At the end of the electrofocus run, it was found that the 14C and E280 traces were identical with those obtained with 'proalbumin' prepared by the antibody procedure. The apparent variation in specific radioactivity in the two minor peaks is due to the disproportionate effect of the optical absorption of the Ampholine. This is exaggerated in the peak at the lowest pl by the presence of the 'end absorption' always seen with this system. Table 2 . N-and C-Terminal amino acids of albumin and 'proalbumin' N-and C-Terminal amino acids were identified as described in the Materials and Methods section. The N-terminal residue of 'proalbumin' was not detectable by the methods we used. The identification comes from the data of Russell & Geller (1975) . Vol. of effluent (ml) Fig. 1 . Electrofocus ofpurified 'proalbumin' before (a) and after (b) limited tryptic hydrolysis The 'proalbumin' was prepared by method 1. In (a), 3.6mg of 'proalbumin' (sp. radioactivity 18 000c.p.m./mg) was placed on the column. In (b) 2.7mg of 'proalbumin' (sp. radioactivity 5800c.p.m./mg) was subjected to trypsin treatment in the presence of 15mg of unlabelled rat serum albumin as described in the Materials and Methods section, and then placed on the column. Electrofocusing was done at 600V for 48h at 2°C, in the presence of 6M-urea between pH5 and 7; O.5ml of each fraction (1.Oml) was taken for determination of radioactivity. o, E280; *, 14C radioactivity; A, pH. that the 'proalbumin' preparation contained little or no serum albumin, since 'proalbumin' and albumin are easily separated by the electrofocus procedure, albumin having a pl for the major peak of pH 5.7 under these conditions.
The pooled material from the electrofocus run was then treated with anti-(rat albumin). The protein precipitated quantitatively without alteration in specific radioactivity. This proved that the protein obtained from the column was not contaminated with proteins other than albumin.
The 'proalbumin' prepared by chemical fractionation could not be separated from that prepared by antibody precipitation when subjected to electrophoresis on polyacrylamide gel by the method of Neville (1971) . When the chemically fractionated product was subjected to quantitative immunoelectrophoresis (Laurell, 1966) , there was no change in specific radioactivity.
Effect oftrypsin
When the 'proalbumin' preparations were treated with trypsin they yielded albumin which migrated with marker serum albumin on electrofocusing on a pH gradient of 5-7 (Fig. lb) . This experiment was done in the presence of 15mg of unlabelled rat serum albumin, which accounts for the much higher E280 in Fig. 1(b) , and explains why there is a much smaller apparent discrepancy in the specific radioactivity of the minor peaks, since the background absorption due to the Ampholine has a smaller effect. The same result was obtained on ion-exchange chromatography on DEAE-cellulose, with a linear salt gradient, as described previously (Judah et al., 1973) .
All the 'proalbumin' recovered from the column was pooled and its specific radioactivity (when corrected for absorption by the Ampholine) was found to be unchanged from that of the starting material. The point of this experiment was to show Identification on N-and C-terminal amino acids Table 2 shows the N-and C-terminal residues for serum albumin, 'proalbumin' and albumin derived from 'proalbumin' by tryptic hydrolysis. The data indicate that trypsin attacks 'proalbumin' at the N-terminal end, and provide further evidence that the protein product of this attack is indeed serum albumin, since its N-and C-terminal amino acids are identical with those of rat albumin.
Amino acid composition ofpeptide
The small peptide liberated from the N-terminal end of 10mg of 'proalbumin' was hydrolysed in 6M-HCI for 16h at 105°C. The hydrolysate was run on an automatic amino acid analyser. This showed the presence of arginine, glycine, phenylalanine and valine, and traces of other amino acids. The ratios were arginine, 2.6, phenylalanine, 1.07, glycine, 1.17 and valine, 1.0. The ratio of the next most abundant amino acid (leucine) was 0.6. This was eliminated from our calculations because the peptide would then have to be a dodecapeptide, which would disagree with its behaviour on Sephadex columns (Judah et al., 1973) . Further, we have never been able to label the peptide with ['4C]leucine. Therefore we rounded off the values to argine 3, phenylalanine 1, glycine 1 and valine, 1. This agrees with the findings of J. H. Russell & D. Geller (personal communication) and also with the amino acid sequence at the N-terminal end of 'proalbumin' reported to us by Dr. D. M. Geller (personal communication; Russell & Geller, 1975) ; this gives the amino acid sequence as Arg-Gly-Val-Phe-Arg-Arg and then continues with the known sequence for rat albumin (Bradshaw & Peters, 1969) .
Heterogeneity of'proalbumin'
The protein as isolated by either of the methods described in this paper is heterogeneous. This is clearly shown by the electrofocus pattern (Fig. la) , which is in good agreement with those previously published. There is a major peak with pI 6.1 and a minor species on either side (Geller et al., 1972; Judah et al., 1973; Russell & Geller, 1973) . The interesting point is that after limited tryptic hydrolysis, the three species appeared to shift together to lower isoelectric points corresponding to the serum albumin marker (Fig. lb) , the major peak having a pl of 5.85. We draw attention to this point because it might reflect the presence of several species of 'proalbumin' and the albumin derived therefrom.
Conclusions
This work provides further strong support for our suggestion that albumin synthesis in rat liver proceeds by way of a protein precursor. The forthcoming paper ofRussell & Geller (1975) provides independent support by a somewhat different route.
